Background Mucosa-associated lymphoid tissue (MALT) lymphoma and diffuse large B-cell lymphoma (DLBCL), which are the two most common types of gastric lymphomas, have different clinicopathological features and molecular characteristics with distinct clinical outcomes. Tumor suppressor miR-34a connects the p53 network with forkhead box protein 1 (FOXP1) and BCL2. Here, we investigated the prognostic value of these molecules in gastric MALT lymphoma and DLBCL for use in routine clinical practice. Methods Relative miR-34a expression was detected by quantitative reverse transcriptase-polymerase chain reaction in 20 cases of MALT lymphomas and 20 cases of DLBCLs. Tissue microarray, in situ hybridization, and immunohistochemistry analysis were used to examine the expression of miR-34a and its regulated genes, FOXP1, p53, and BCL2 proteins, in 64 patients with gastric MALT lymphoma and in 58 patients with DLBCL. Helicobacter pylori infection, overall survival (OS), and progression-free survival (PFS) were documented. Results The expression level of miR-34a was markedly decreased in MALT lymphomas and DLBCLs compared to normal gastric tissues and peripheral blood mononuclear cells. miR-34a was present in the cytoplasm and nucleus of lymphocytes. Its expression was significantly downregulated in MALT and DLBCL lymphoma tissues, as compared with normal lymphocytes. The expression level of miR-34a in DLBCL was lower than in MALT lymphoma. FOXP1 was found to be positive in 48 %, p53 in 20 %, and BCL2 in 68 % of MALT lymphoma cases. The corresponding positive rates of these markers in DLBCL were 64, 57, and 52 %, respectively. High expression of FOXP1, p53, and BCL2 was seen in stage III and IV of both types of lymphomas. FOXP1, p53, and BCL2 positivity was associated with poor OS with both lymphoma types but OS with DLBCL was significantly lower than with MALT lymphoma. Conclusions Decreased miR-34a expression and increased FOXP1, p53, and BCL2 coexpression to predict a poor OS for MALT lymphoma and DLBCL patients could become very important prognostic markers in daily clinical work. Further investigation of these changes may be of prognostic significance in clinical practice.
gastrointestinal lymphomas are relatively common, with the large majority occurring in the stomach. In recent years, lymphoma has been identified as the second most common form of stomach malignant tumors [1, 2] . Among the gastric lymphomas, mucosa-associated lymphoid tissue (MALT) lymphoma and diffuse large B-cell lymphoma (DLBCL) are the two most common types [2] .
Gastric MALT lymphoma and DLBCL have different clinicopathological features and molecular characteristics with distinct clinical outcomes [1] [2] [3] . Currently, there are no clear-cut pathological or molecular biomarkers of independent practical prognostic value for these two types of gastric lymphoma [1, 3, 4] .
MicroRNAs (miRNAs) inhibit the transcription or translation of mRNA and have been shown to negatively regulate tumor suppressors or oncogenes, indicating that they may play a role in tumorigenesis [5] . Researchers suggest that a single or small number of genes play a major role in regulating miRNA-mediated genes and proteins [5, 6] . In the past few years, some studies suggest that miR-NA-34a may act as a tumor suppressor by regulating apoptosis in several tumors [7] . It has also been shown that miR-34a-induced apoptosis is at least partly dependent on the presence of wild-type p53 genes, indicating that miR34a may feed back to p53 [8] [9] [10] [11] . In similar studies, the status of p53 deletion or mutation was associated with miR-34a downregulation in prostate cancer, gastric cancer, and chronic B-cell lymphocytic leukemia [11, 12] . The same studies showed that BCL2 was targeted by miR-34a, and that there was a direct interaction between miR-34a and the tumor suppressor p53 and the oncogenic protein BCL2. This interaction was shown to increase the survival of miR-34a-expressing pro-B cells but did not significantly promote their differentiation [10, 11, 13, 14] . Other studies have shown that the forkhead box protein 1 (FOXP1) is involved in B-cell differentiation and survival [15] . The activity of FOXP1 may, therefore, be dependent on the downregulation of miR-34a, which allows B-cell development to proceed [15, 16] . The effects of miR-34a on FOXP1 may provide a mechanism by which p53 suppresses tumor cells implying a connection between p53 and FOXP1 via the actions of miR-34a. In this manner, miR34a and FOXP1 are able to control the output of the B-cell developmental pathway. In differentiated B cells, FOXP1 appears to act as a B-cell oncogene [15, 16] . Its dysregulated expression in MALT lymphoma and amplification in many cases of DLBCL is thought to be the consequence of translocations to the immunoglobulin heavy locus [17, 18] .
Taken together these findings suggest that miR-34a regulation of B-cell development and apoptosis is related to the tumor suppressor p53, oncogenic protein BCL2, and FOXP1. Thus, the present study investigated the role of miR-34a and its target proteins in two common gastric B-cell lymphomas and evaluated possible associations between expression of miR-34a and target proteins on clinical outcomes.
Materials and methods

Patients and samples
Tumor samples from patients with gastric MALT lymphoma or DLBCL over a 10-year period (January 2000-December 2011) were retrieved from the archives of the Department of Pathology at the Changhai Hospital, the Second Military Medical University (Shanghai, China). Records from 122 patients (64 cases of MALT lymphoma and 58 cases of DLBCL) were included in the study. An additional 20 cases of MALT and 20 cases of DLBCL samples were collected from patients during surgical resections that had enough tumor tissue and stored in liquid nitrogen. Patient characteristics, clinical presentation, staging, laboratory findings, site and date of relapse, and survival were collected from hospital information systems. Patients had been evaluated using standard methods including history, physical examination, and biochemical-hematological tests. The Ann Arbor Staging System was used to determine disease stage. This study was approved by the institutional review board of Second Military Medical University, Shanghai, China. Signed informed consent was obtained from all study participants for sample collection and analysis.
Morphological analysis and tissue microarray
In all cases, tissue samples obtained by gastrectomy (containing distal, proximal, or local resection) were fixed in formalin and embedded in paraffin wax. Sections 4 lm thick stained with hematoxylin and eosin were reviewed by three pathologists who graded the morphological features of MALT lymphoma and DLBCL according to the World Health Organization classification [1] . All slides were stained with toluidine blue stain to highlight the presence of Helicobacter pylori (HP).
Tissue microarrays (TMAs) were constructed by punching two tissue cylinders with a diameter of 0.8 mm from 122 patient archival paraffin blocks. The cylinders were transferred into a recipient paraffin block using a semiautomatic precision instrument (Beecher Instruments, Silver Spring, MD, USA).
Quantitative real-time reverse transcriptase-polymerase chain reaction (qRT-PCR) analysis Frozen specimens of 20 MALT lymphoma and 20 DLBCL were selected from the 122 gastric lymphomas for miR-34a
qRT-PCR analysis, The samples should have contained enough tumor tissues by macro-dissected methods using frozen sections. Three normal gastric tissue samples and two samples of peripheral blood mononuclear cells (PBMC) were selected as normal controls (NC).
Total RNA containing miRNA was extracted in 20 samples of MALT lymphoma and 20 samples of DLBCL, and 5 control samples were extracted using miRNeasy Mini Kit (Qiagen). cDNA was synthesized using miScript Reverse Transcription Kit (Qiagen) following the manufacturer's instructions. Reverse transcription was undertaken using 50 ng total RNA with a primer specific for miR-34a, together with the SYBR Green microRNA reverse transcription kit. miRNAs were quantified using the SYBR Green miRNA qRT-PCR assay according to the manufacturer's protocol (Applied BioSystems). The qRT-PCR reaction was carried out on a 7500 Fast Real-time System (Applied Biosystems). RNU6, a small RNA encoded in the intron of RPL5, was used for normalization in miRNA studies. All quantitative RT-PCRs were performed in triplicate. The data were analyzed using an automated baseline. The threshold cycle (C t ) was defined as the fractional cycle number at which the fluorescence exceeded the given threshold. The data obtained from the qRT-PCR were analyzed using the DDC t method ( 2 DDC t ) [19] . The sequences of primers are listed in Supplementary Table 1. miRCURY LNA miR-34a detection by in situ hybridization (ISH) Sections 4 lm thick were cut from microarray blocks. Locked nucleic acid in situ hybridization (LNA-ISH) was performed on gastric MALT and DLBCL lymphoma TMA using miR-CURY LNA probes against Has-miR-34a (Exiqon, miR-34a LNA probe: 38487-05, Vedbaek, Denmark). Probes were used in accordance with manufacturer protocols. Lymphreactive hyperplasia was used for positive control.
Immunostaining procedures
Immunostaining was performed using mouse monoclonal antibodies against FOXP1 (JC12, 1:100; Abcam), p53 (1:100; Dako), and BCL2 (1:150; Dako). Routine monoclonal antibodies for tumor immunotypes including CD20 (1:150; Dako), CD79a (1:50; Dako), CD3 (1:150; Dako), CD7 (1:150; Dako), and Ki-67 (1:100; Dako) were also added to the samples. Antibodies were used in accordance with manufacturer protocols.
The LNA-ISH and immunostaining positive signal were brown yellow and the TMA sections were scored according to cutoff levels for each ISH or immunohistochemical marker. The scoring was done in a highpower field (9400), within an area of 0-16 mm 2 almost entirely covering the area of each cylinder section. The LNA-ISH and immunohistochemical results were scored using a semi-quantitative method (Allred score) [20] . The scores were based on the intensity of staining and the percentage of positive results. The percentage of positive cells was used for scoring the positivity: none = 0; \1 % = 1; 1-10 % = 2; 10-33 % = 3; 34-67 % = 4; and [67 % = 5). The intensity of staining was scored as none = 0; weak = 1; intermediate = 2; and strong = 3). The intensity and percentage scores were added to give a final score of 0-8. According to the final score, the immunostaining expression signal was determined as negative (0-2), weak positive (3-4), positive (5-6), or strong positive (7-8).
Follow-up and statistical methods
The follow-up information contained overall response rate (ORR), overall survival (OS), and progression-free survival (PFS), which were obtained from hospital information systems and the patients or patients' relatives. ORR was calculated from the first day of treatment to disease remission. OS was calculated from the date of pathological diagnosis to death or the last date of follow-up. PFS was calculated from the date of surgery until the date of recurrence. Patient therapy included chemotherapy or radiotherapy, and the response to first-line therapy included progressive disease (PD), stable disease (SD), partial response (PR), or complete remission (CR). Survival time of patients was analyzed. All statistical analysis were performed using the SPSS version 13.0 (SPSS, Chicago, IL, USA). Data from qRT-PCR are expressed as mean ± SD. Univariate analysis of OS and PFS was undertaken using Kaplan-Meier methods. Patients still alive were censused at the last known date of contact. The log-rank test was used to compare survival differences between the groups. Cox regression analysis was used for multivariate analysis. Two-sided P values \0.05 were considered statistically significant.
Results
Study groups and clinicopathological features
Clinical characteristics of the 64 cases of MALT lymphoma and 58 cases of DLBCL analyzed in this study are shown in Table 1 . Lactate dehydrogenase (LDH) and b2-microglobulin levels were significantly higher in patients with DLBCL than in those with MALT lymphoma. Significantly more patients with DLBCL were in stage III-IV disease than those with MALT lymphoma. When comparing the two diseases in stage III-IV, OS and PFS of DLBCL were significantly lower than in patients with MALT lymphoma. The Helicobacter pylori infection rate was higher in MALT lymphoma patients (66 %) than in those with DLBCLs (35 %), which were substantially lower than reported in literature data, possibly because we estimated H. pylori only using a histological method with toluidine blue staining and false-negative cases were possible.
Reverse transcription and real-time qPCR miR-34a was detected by qRT-PCR in all 5 normal control samples and the 20 cases of MALT lymphomas and 20 cases of DLBCLs. After normalization with RNU6, the microRNA expression level in different tissues was calculated and compared with the DDC t method, assuming 100 % PCR efficiency [19] . The results revealed that the miR-34a expression was markedly decreased in DLBCL and MALT lymphoma compared to those in normal gastric tissue and PBMCs (more than twofold lower; P \ 0.05; Fig. 1 ). In addition, the miR-34a level in DLBCL lymphoma was significantly lower than that in MALT (P \ 0.05; Fig. 1 ).
Morphological features and miR-34a expression of gastric lymphomas
Prominent lymphoid cells were seen in the mucosa of lymphoma cases in comparison with normal gastric mucosa. The cell population of MALT lymphoma was a mixture of small lymphocytes, plasmacytoid cells, and centrocyte-like lymphocytes. The lymphoma cells had a monocytoid appearance. A characteristic feature of this tumor type was the presence of invasive lymphoepithelial lesions (Fig. 2a) . In DLBCL samples, the normal mucosal architecture was replaced by a diffuse infiltrate of large atypical lymphoid tumor cells (Fig. 2b) . The tumor cells of both lymphoma types were confirmed to express CD20, indicating a B-cell immunophenotype, and the proliferation index of Ki-67 in MALT lymphoma cells (20-30 %) was lower than in DLBCL cells ([50 %).
miR-34a expression was significantly lower in lymphoma tissues than in normal lymph node by the LNA-ISH analysis of 64 cases of MALT lymphoma and 58 cases of DLBCL patients (Fig. 2c) . LNA-ISH showed that miR-34a was present in the cytoplasm and nucleus of lymphocytes (Fig. 2c  inserted) . miR-34a was positive in 16 of the 64 (25.0 %) cases of MALT lymphoma and 5 of the 58 (8.6 %) cases of DLBCL patients (P \ 0.05; Fig. 3c, d) , and most positive cases were weakly positive. ISH score (Allred score) showed that the samples of gastric MALT lymphoma had a higher positive score for miR-34a (Fig. 3a) . The relationship of clinical characteristics with miR-34a expression in lymphoma tissues, as determined by LNA-ISH, is presented in Table 2 . The expression of miR-34a is associated with age, H. pylori infection, and low (early) disease stage (Table 2) . . Immunostaining score (Allred score) showed that the samples of gastric DLBCL had a higher positive score for FOXP1 and p53 whereas MALT lymphoma samples had a higher positive score for BCL2 (Fig. 3a) . Because sometimes BCL2 expression is variable in MALT lymphomas, it is positive outside colonized follicles but is lost among neoplastic B cells that have colonized reactive follicles. Thus, we calculated BCL2 expression focusing on the neoplastic cells outside the follicles of marginal area and in MALT lymphomas. Table 2 shows the relative expression of FOXP1, p53, and BCL2, patient age, baseline LDH, b2-microglobulin levels, H. pylori infection, and tumor stage. We compared these patients' clinical parameters with the expression of FOXP1, p53, and BCL2 between the two different types of lymphomas. Analysis indicates that the expression of FOXP1 and p53 is associated with age, LDH, and b2M level and with high (advanced) disease stage; BCL2 is associated with H. pylori infection and low (earlier) disease stage ( Table 2) .
Follow-up and survival
All 122 patients had undergone gastrectomy as the initial treatment. In 64 cases of MALT lymphoma, 4 patients were treated by total gastrectomy and 60 by partial gastrectomy (distal 42, proximal 13, local resection 5). In 58 cases of MALT lymphoma, 16 patients were treated by The median overall duration of follow-up was 63 months (range, 3-123 months). Eleven (17.2 %) patients with MALT lymphoma and 25 (43.1 %) with DLBCL died of lymphoma, treatment toxicity, or unrelated causes; other patients were disease free during the followup period. Among 64 MALT lymphoma patients, of the 42 who were H. pylori-positive cases, 38 patients were initially treated by routine H. pylori eradication, 30 patients were treated with rituximab combined CHOP chemotherapy after gastrectomy, 19 patients were treated with routine CHOP chemotherapy after gastrectomy, and 15 patients were not treated with chemotherapy or other treatment after gastrectomy. Specifically, 27 of 30 rituximab combined CHOP chemotherapy and 32 patients initially treated by routine H. pylori eradication were alive during a median follow-up period of 63 months. The 5-year OS rate for MALT lymphoma (64 %) was substantially lower than that reported in previous studies [21] because some of patients in this study did not receive standard treatment or were not treated with rituximab.
Among 58 DLBCL patients, 20 cases were H. pylori positive: 13 patients were initially treated by routine H. pylori eradication, 27 patients were treated with rituximab combined CHOP chemotherapy after gastrectomy, 25 patients were treated with routine CHOP chemotherapy after gastrectomy, and 6 patients were not treated with chemotherapy or other treatment after gastrectomy. Specifically, 12 of 27 rituximab combined CHOP chemotherapy and 10 patients initially treated by routine H. pylori eradication were alive during a median follow-up period of 38 months.
CR after first-line treatment with therapy occurred in 33 cases (51.6 %) of MALT lymphoma and 20 cases (34. PFS was 21 and 13 months, respectively, and the corresponding 5-year PFS rates were 52.6 % and 32.4 % ( Table 1) . As expected, patients with advanced-stage disease were more likely to suffer relapses and have a shorter survival time. The expression of miR-34a by LNA-ISH had no significance with OS of gastric MALT lymphoma or DLBCL patients, respectively, as the low positive rate. FOXP1, p53, and BCL2 by immunohistochemistry had no significance with OS of gastric MALT lymphoma or DLBCL patients, respectively. Additional analysis indicated that combined expression of FOXP1, p53, and BCL2 in MALT lymphoma (n = 12) and DLBCL (n = 23) were associated with reduced overall survival (P = 0.044 and 0.003, respectively; Fig. 3b, c) . Also, FOXP1, p53, and BCL2 coexpressed cases were negative with miR-34a LNA-ISH. DLBCL patients who were FOXP1-, p53-, and BCL2-positive (n = 23) showed a significantly worse survival rate than patients with FOXP1-, p53-, and BCL2-positive MALT lymphomas (P = 0.047; Fig. 3d ). KaplanMeier OS curves stratifying patients according to FOXP1, p53, and BCL2 protein expression are shown in Fig. 3 .
Univariate analysis of expression of miR-34a, FOXP1, p53, and BCL2 with clinical characteristics in 64 cases of MALT-BCL mucosa-associated lymph tissue B cell-lymphoma, DLBCL diffuse large B-cell lymphoma, LDH lactate dehydrogenase, b2-MG b2-microglobulin, OS overall survival, PFS progression-free survival * Univariate analysis by Kaplan-Meier test MALT-BCL and 58 cases of DLBCL are shown in Table 2 . Prognosis of univariate analysis associated with PFS and OS in 64 cases of MALT-BCL and 58 cases of DLBCL are shown in Table 3 . Multivariate survival analysis (Cox regression model) of conventional clinical prognostic factors and miR-34a, FOXP1, p53, and BCL2 expression in 122 stomach cases of MALT and DLBCL showed coexpression of FOXP1, p53, and BCL2 was an independent prognostic factor in Cox regression multivariate survival analysis (95 % CI, 1.119-4.854; P = 0.027).
The miR-34a (95 % CI, 1.108-4.754; P = 0.043) and stage (III ? IV) (95 % CI, 1.842-8.895; P = 0.001) also showed significance (Table 4) .
Discussion miR-34a has multiple experimentally validated targets that are involved in cellular proliferation and apoptosis. Thus, the level of miR-34a expression is thought to regulate the balance between apoptosis and cell-cycle arrest [6, 7] . The human miR-34a precursor is transcribed from chromosome 1. It maps to the distal region of chromosome 1p, which is a fragile chromosomal region commonly deleted in lymphoma cells, especially in B-cell lymphomas [7] . Primary gastric lymphomas, predominantly B-lymphocyte forms of non-Hodgkin lymphoma (NHL), has been identified as the second most common form of stomach malignant tumors, which are commonly classified as MALT lymphoma and DLBCL. Both forms of the lymphomas have definitive clinicopathological entities characterized by their unique histological and clinical features [1] [2] [3] . Research showed that miR-34a regulation of B-cell development and apoptosis were possibly related to the tumor suppressor p53, oncogenic protein BCL2, and FOXP1 [10] [11] [12] [13] [14] [15] [16] [17] [18] . In this study, we assessed corelations of miR-34a level and the expression of the B-cell differentiation-and apoptosisrelated proteins FOXP1, p53, and BCL2 with the clinicopathological features and survival of gastric MALT lymphoma and DLBCL. In this analysis, using qRT-PCR, we showed that miR34a expression was markedly decreased in DLBCL and MALT lymphoma cells compared to normal gastric tissue and PBMC. The level of miR-34a was much lower in DLBCL than MALT lymphoma, which was in part as in a previous study [16] . Next, by the LNA-ISH analysis of 64 cases of MALT lymphoma and 58 cases of DLBCL tissues, we found that the miR-34a expression was significantly lower in lymphoma than in normal lymph node. Although the miR-34a expression in the two types of gastric lymphomas was significant, there were no statistically significant differences with OS in the two types of gastric lymphomas, possibly because of the low positive rate, Then, we detected the miR-34a target B-cell differentiation-and apoptosis-related proteins FOXP1, p53, and BCL2 expression immunochemically in lymphoma tissues. No statistically significant differences were seen with OS in the two types of gastric lymphomas; however, overall survival analysis indicated that combined expression of FOXP1, p53, and BCL2 in MALT lymphoma and DLBCL were associated with reduced survival time, and patients with tumors that coexpressed FOXP1, p53, and BCL2 had a poor OS regardless of lymphoma type. Furthermore, FOXP1-, p53-, and BCL2-positive DLBCL tumors had a significantly worse survival rate than corresponding MALT lymphomas. Specifically, multivariate Cox regression analysis showed miR-34a down-expression, coexpression of FOXP1, p53, and BCL2, and advanced disease (stage III and IV) were independent prognostic factors, i.e., miR-34a down-expression and high FOXP1, p53, and BCL2 expression in advanced-stage disease (III ? IV) had a significant adverse impact on survival.
In literature reports, it is well known that miRNAs can influence lineage choice or affect critical developmental checkpoints during hematopoiesis [6] . Constitutive expression of miR-34a was reported to block B-cell development at the pro-B-cell to pre-B-cell transition stage, resulting in a reduction in mature B cells [7] . This blockage appeared to be mediated primarily by inhibiting the expression of the transcription factor FOXP1 [15, 16, 22] . FOXP1 is therefore, thought to be an essential participant in the transcriptional regulatory network responsible for B lymphopoiesis and is needed for B-cell differentiation and life-cycle management [16, 22] . Several studies have indicated that the expression of FOXP1 in DLBCL is associated with poor clinical outcome [16, 17, Prognostic value of miR-34a and target proteins in gastric lymphomas 439 [23] [24] [25] . Previous studies with MALT lymphoma indicate that FOXP1 positivity is confined to MALT lymphomas with poor clinical outcome, polymorphic histology, and high risk of transforming into DLBCL [18, 26, 27] . The previously described role of miR-34a is as a direct link between the tumor suppressor p53 and the oncogenic protein BCL2 [13, 14] . Yu et al. found FOXP1 was positively correlated with the expression of BCL2 mainly in the non-germinal center B cell subgroup of DLBCL cells. FOXP1 was also predominantly expressed in a similar subset of DLBCL with positive BCL2 [25] . BCL2 protein overexpression has been reported to occur in 24-66 % of cases of DLBCL [26, 27] . It has been postulated that in DLBCL changes in FOXP1 and BCL2 were interdependent and that the presence of an additional copy of FOXP1 gene will cause BCL2 protein to be active [28, 29] . The role of miR-34a as a tumor suppressor may be more directly related to p53 and BCL2. An additional regulation point in B-cell development has been identified on the miR-34a-FOXP1 transcription factor axis [10, 11, 13, 14, 22] . Following inactivation of miR-34a, its effect on the B-cell developmental pathway is consistent with the abnormalities seen with FOXP1, p53, and BCL2 expression, which influence the development of mature B cells and promote malignant transformation associated with B-cell lymphomas [22, 30] . It has been proposed that miRNAs may be potential biomarkers for tumor diagnosis, prognosis, and targets for therapy [31] . MALT lymphoma and DLBCL are the two most common types of gastric lymphomas, which have different clinicopathological features with distinct clinical outcomes. Our results indicate that miR-34a expression is significantly decreased in gastric MALT lymphoma and DLBCL. Interestingly, FOXP1, p53, and BCL2 coexpressed cases were negative with miR-34a expression and a poor OS. FOXP1-, p53-, and BCL2-positive DLBCL patients had an even lower OS than corresponding MALT lymphoma patients. What are the mechanisms or reasons that such down-expression and coexpression of these biomarkers affected the prognosis? It may be associated with the following points. (1) miR-34a is a tumor suppressor that connects the p53 network through FOXP1 and BCL2. Each point in this pathway network determines the regulation of apoptosis and development of a mature B cell and is associated with malignant transformation of B-cell lymphomas. (2) The prime mechanism of tumor suppressor miR-34a in gastric MALT lymphoma and DLBCL is downregulated, and down-expression of miR-34a causes the high expression of p53, FOXP1, and BCL2, which leads to the abnormal development, proliferation, and apoptosis of mature B-cell lymphocyte and is related to the tumorigenesis of lymphomas. (3) Down-expression of miR-34a and coexpression of p53, FOXP1, and BCL2 in gastric MALT lymphoma and DLBCL are correlated to the poor prognosis, implying the important role of the miR-34a network.
In a word, decreased miR-34a expression and increased FOXP1, p53, and BCL2 coexpression predict a poor OS for stomach MALT lymphoma and DLBCL patients. We propose that the changes and prognostic significance of miR-34a and its target proteins FOXP1, p53, and BCL2 in gastric MALT lymphoma and DLBCL warrant further investigation as potential prognostic markers that could be potentially used in routine pathology observation.
